Serotonin plays a role in reinforcement learning; however, it is not known which serotonin receptors mediate these effects. Serotonin 6 (5-HT 6 ) receptors are abundant in the striatum, a brain area that is involved in reinforcement learning. We previously found that 5-HT 6 receptors in the dorsomedial striatum (DMS) affect reinforcement learning or consolidation over several days. We use viral-mediated gene transfer to discern the role that 5-HT 6 receptors play in mediating post-synaptic responses in anterior versus posterior DMS. Male Long-Evans rats were used to study learning acquisition during a single session of 100 trials on a fixed interval of 20 seconds. In a discrete action-outcome learning task, rats had 10 seconds to press a lever to induce lever retraction and sucrose pellet delivery. In another group of rats, the task had a lever that was continuously extended but only active every 20 seconds, allowing for repetitive, mostly non-reinforced, lever pressing. Results demonstrate that increased expression of 5-HT 6 receptors in the posterior DMS interferes with earning sucrose pellets in only the former task. We take this to indicate that 5-HT 6 receptor signaling in the posterior DMS interferes with acquisition of discrete action-outcome responding.
Introduction
Study of the role of serotonin (5-hydroxytryptamine [5-HT]) in reward-oriented and reinforcement-learning behaviors is complicated by the diversity of serotonergic receptors (Millan et al., 2008) . Broadly speaking, low serotonergic states (e.g. serotonin depletion induced by 5,7-dihydroxytryptamine serotonergic-specific lesions) are associated with enhanced operant responding (Fletcher et al., 1999) and high serotonergic states (e.g. induced with the serotonin releaser and reuptake inhibitor d-fenfluramine or with intra-cerebral injections of 5-HT) with diminished responding (Fletcher, 1995 (Fletcher, , 1996 . One method of separating the roles of individual receptor subtypes is via receptor-specific pharmacological agents, but doing so substitutes information that may be encoded by the pattern of serotonin release dictated by the serotonergic neuron firing rate with a fairly constant level of receptor activity while the drug occupies the targeted receptor. Because computational modeling suggests that the serotonergic neuron firing rate has an influence on reinforcement learning behaviors (Daw et al., 2002) we employ viral-mediated gene transfer (VMGT) to enhance receptor expression of specific receptor subtypes in order to modulate neurotransmission, without disrupting information encoded by the temporal pattern of serotonin release. We focused on the serotonin-6 (5-HT 6 ) receptor because it modulates reward and reinforcement learning, as we and others have shown (Ferguson et al., 2008; Frantz et al., 2002; Mitchell et al., 2007; Perez-Garcı´a and Meneses, 2005) .
The 5-HT 6 receptor is densely distributed in the striatum, a brain region critical for operant learning. Previous work from our lab demonstrated that increased expression of 5-HT 6 receptors in the dorsomedial striatum (DMS) interfered with the learning acquisition of a simple operant task (Mitchell et al., 2007) . However, the multi-day experimental design used in that study was not leveraged to address whether encoding during the sessions (i.e. acquisition) or consolidation between days was affected. Acquisition and consolidation are dissociable mechanisms indicating different cellular and molecular mechanisms on different time scales (Abel and Lattal, 2001) , as has been shown in corticostriatal systems (Laubach, 2005) , and with regard to serotonin signaling (Sossin, 2008) . We chose behavioral tasks that focus on the acquisition stage because our previous study strongly suggested, but did not definitely establish, that increased 5-HT 6 receptor signaling in DMS induces a deficit in acquisition (Mitchell et al., 2007) . In order to allow for a single session of reliable operant conditioning, the duration of the session was lengthened, the number of trials increased, and the inter-trial interval shortened.
In order to distinguish learning acquisition of a discrete action-outcome association from what may be characterized as the beginning of more habitual or compulsive responding, we employed two behavioral tasks that differ in how they allow rats to respond. In both tasks, performed on separate groups of animals, there is a single session of 100 trials of lever pressing for sucrose pellet reinforcement on a fixed interval, 20-second reinforcement schedule. In the insertingretracting (IR) task, adapted from Mitchell et al. (2007) , lever availability is indicated by its insertion and lever presses result in the lever's retraction. Thus rats must attend to the lever and there are no non-reinforced lever presses. In contrast, during the continuously extended (CE) task, the lever remains extended throughout the entire session but there is no signal indicating whether a lever press will be reinforced with sucrose pellet delivery. Thus, many lever presses are not reinforced, allowing for a more repetitive manner of responding. At face value, the IR task is seemingly easier, given that lever insertion serves as a cue, and lever retraction prohibits the compulsive-like responding seen on the CE task. By comparing performance on these two tasks, using the appropriate controls, one can distinguish between acquisition of a discrete action-outcome process (as captured by the IR task) and the associative learning between lever and reward (as captured by the CE task).
Anatomically, the striatum integrates information received from many brain regions (including efferents from cortex, thalamus, amygdala, and hippocampus). Based on these striatal afferents, a dorsolateral-to-ventromedial gradient of functional organization has been proposed (Voorn et al., 2004) . As reviewed elsewhere (Yin and Knowlton, 2006) , the striatum can be divided based on anatomical and behavioral data into three main areas, each serving a different role in memory and learning: the limbic striatum, the associative striatum, and the sensorimotor striatum. The limbic striatum, made up of the nucleus accumbens and part of the olfactory tubercle, is involved in appetitive conditioning and Pavlovian classical conditioning, namely stimulus-outcome associations. The associative striatum, composed of the DMS in rodents and the caudate in primates, participates in action-outcome learning. The sensorimotor striatum, composed of the dorsolateral striatum in rodents or the putamen in primates; has its role in stimulus-response learning and habitual responding. Thus, while dorsal and ventral subdivisions of the striatum have been well studied in the rat, little is known about the anatomical and functional differences along an antero-posterior axis despite well-studied differences in humans and nonhuman primates, especially in the head versus tail regions of the caudate (Grahn et al., 2008) .
The DMS contains abundant levels of 5-HT 6 receptors (Roberts et al., 2002) on both types of medium spiny neurons (Ward and Dorsa, 1996) and at least one type of interneuron (Bonsi et al., 2007) . In addition, increased expression of 5-HT 6 receptors via VMGT in the DMS impairs performance on an operant task (Mitchell et al., 2007) suggesting a role for this receptor type in instrumental learning. VMGT of 5-HT 6 receptors leads to an increase in the number of receptors on neuronal cell membranes thereby increasing the post-synaptic receptor response to serotonin released from dorsal raphe efferents (Mitchell et al., 2007) .
In this study, we sought to explore first whether increased 5-HT 6 receptor signaling affects learning acquisition within a single session, and second whether there are differences along an anterio-posterior axis within the DMS. Our findings indicate that increased expression of 5-HT 6 receptors in posterior DMS interferes with acquisition of a discrete action-outcome task. This finding helps to better understand striatal learning mechanisms which are relevant to neuropsychiatric illnesses such as obsessive-compulsive disorder, Tourette's syndrome, and drug addiction.
Methods and materials
Animal use and overview Experimental procedures were approved by the University of Washington Institutional Animal Care and Use Committee and were conducted in accordance with National Institutes of Health guidelines.
Male Long-Evans rats (Charles River, 250-275 g at arrival, 121 rats in total were used) were habituated to the colony room (12-hour light/dark cycle, lights on at 06:00, temperature set to 21 C, ad libitum rat chow except as indicated) for 5 days before being handled. For the next 5 days, rats were handled and then fed once daily with 18 g of rat chow at 17:30 (this mildly restricted diet produced $5% reduction in weight gain compared to ad libitum fed rats). Next, rats underwent stereotaxic surgery (at $300 g, see detailed methods below) to infuse either the 5-HT 6 /eGFP or the eGFP-only viral vector (described below). Three days after viral infusion, rats were habituated to the operant chamber during a pre-test in which they received non-contingent sucrose pellets. The following day they underwent a single test session of either two tasks after which they were euthanized and transcardially perfused so that injection accuracy could be determined via fluorescent microscopy.
Viral vectors
Herpes simplex virus (HSV) viral vectors were used in this study, as previously described by our lab (Ferguson et al., 2008; Mitchell et al., 2007) . This HSV viral vector system infects neurons and not glia and expresses transgene for about 7 days (Barot et al., 2007) . The experimental viral vector contains two cassettes, one that expresses the hemagglutinin (HA) epitope-tagged 5-HT 6 receptor driven by the HSV IE2/3 promoter and another that expresses enhanced green fluorescent protein (eGFP) driven by the cytomegalovirus (CMV) promoter, which serves as a way to locate virally infected neurons (Mitchell et al., 2007) . Thus, all neurons that express eGFP using this vector also express the HA-tagged 5-HT 6 receptor. In addition, a time course showing increased expression of 5-HT 6 receptors after intracerebral infusion of this viral vector in rats demonstrated that peak expression of transgenic 5-HT 6 receptors occurs at day 4 post-infusion (Ferguson et al., 2008) . The control viral vector expresses eGFP but not 5-HT 6 receptors. Non-specific effects of transgene expression were not found in previous studies, since eGFP controls learned tasks at the same rate as sham-operated controls, and the learning effects of this 5-HT 6 receptorexpressing vector were reversed by a selective 5-HT 6 receptor antagonist (Ferguson et al., 2008; Mitchell et al., 2007) .
Surgical procedures
Rats were removed from food restriction the night before surgery and returned to food restriction 24 hours post-operatively. Rats were anesthetized with isoflurane gas (1-3%) throughout the stereotaxic surgery and given buprenorphine analgesia (0.1 mg/kg, s.c.) pre-operatively. Bilateral bore holes were drilled above the coordinates (either aDMS, coordinates from bregma: A/P þ 1.2 mm, M/L AE 1.6 mm, D/V À 4.0 mm; or pDMS: A/P À 0.8 mm, M/L AE 3.2 mm, D/V À 3.4 mm). Using a 27-gauge long dental needle, 2 mL of viral particles (10 8 infective units/mL) per side were infused over 10 minutes at a rate of 200 nL/min, and the needle was left in place for an additional 5 minutes to minimize backflow before being slowly removed. This amount of viral vector was chosen based on previous studies to produce discrete infection at the target region (Mitchell et al., 2007; Neumaier et al., 2002) .
Transcardial perfusions, tissue preparation and exclusion criteria
Rats were euthanized with an intraperitoneal injection of pentobarbital sodium and phenytoin sodium. The procedure proceeded once the rat was unresponsive to paw pinch and upon absence of corneal reflex. Perfusions were performed with 100 mL phosphate-buffered saline (PBS) solution followed by 200 mL of 4% paraformaldehyde, both at pH 7.4 and kept on ice. Brains were removed and left in 4% paraformaldehyde for 4 hours, then placed into PBS. Tissue sections were made on a Leica VT1000S vibrating blade microtome and mounted on slides and cover-slipped with Vectashield mounting medium (Vectorlabs, Burlingame, CA). Slides were visualized with a Nikon Eclipse E600 with HyQ FITC, HyQ TRITC, and DAPI epi-fluorescence filters.
Given that the nature of the study was to compare distinct anatomical regions, strict criteria were used to determine injection accuracy. Accuracy was determined for each rat in a blinded fashion using the following criteria: for aDMS, A/P þ 1.2 mm, lateral to ventricle but not past a plane parallel to midline going through the apex of the corpus callosum (approximately M/L 2.0 mm), ventral to the corpus callosum but not more ventral than D/V À 6.0 mm from skull surface; for pDMS A/P À 0.8 mm, lateral to ventricle but not past approximately M/L 3.0 mm, ventral to corpus callosum but not more ventral than D/V À 5.0 mm from skull surface ( Figure 1 ). If either viral vector entered the ventricle this was readily apparent (fluorescence in periventricular neurons away from the injection site) and the rat was excluded from the study. Surgical precision was lower in pDMS given the wider size and shape of the ventricle. (Overall accuracy is comparable to other studies for these targets given the strict criteria used and the requirement that injections in both hemispheres must be accurate, i.e. rats with unilateral hits were excluded from the study.) For the IR task, the following number of rats per total were excluded: aDMS eGFP 5/13; aDMS 5-HT 6 4/12, pDMS eGFP 4/20, pDMS 5-HT 6 8/21. For the CE task: aDMS eGFP 4/12, aDMS 5-HT 6 4/11, pDMS eGFP 8/16, pDMS 5-HT 6 8/16. This gives 45 excluded out of 121 total.
Behavioral procedures
Behavioral testing was conducted in standard rat modular test chambers (Med Associates, Georgia, VT, USA) equipped with two levers and two lights on either side of a sucrose pellet receptacle on one wall and a house-light on the opposite wall. All chambers were kept in sound-attenuating boxes (Med Associates) equipped with fans providing temperature regulation and white noise. Individual rats underwent testing on only one of two behavioral tasks. Both tasks consisted of 100 trials on a fixed interval of 20 seconds with the house-light on throughout the session. Animals were placed in the operant box for 5 minutes before beginning the session. 
Pre-test
Three days post-operatively, the day before the test, rats were habituated to the testing chamber for 30 minutes during which they were given non-contingent 45-mg sucrose pellets (Bioserv, Frenchtown, NJ, USA) in the pellet receptacle inside the chamber with the house-light on. Any pellets remaining were placed into the home cage of the rat at the end of the session. Sucrose pellets were used to allow comparisons with previous studies from our lab and others (Mitchell et al., 2007; Perez-Garcia and Meneses, 2005 ).
Inserting/retracting task (IR)
This paradigm was adapted from Mitchell et al. (2007) , which was in turn based on previous learning studies investigating 5-HT 6 receptors (Perez-Garcia and Meneses, 2005), modified to capture learning acquisition. Each trial consisted of the presentation of a single lever, which inserted into the chamber on a fixed interval of 20 seconds after which it remained extended for 10 seconds before retracting. A successful lever press resulted in delivery of one pellet and the retraction of the lever for 20 seconds. The session ended once 100 trials had occurred. House-light and light above lever were continuously on throughout the session.
Continuously extended task (CE)
The house-light was turned on and the two levers were extended and remained so during the entire session. One lever was never reinforced. Presses on the other lever were reinforced with one 45-mg sucrose pellet; but after a pellet was delivered there was a 20-second un-signaled timeout during which lever presses upon the reinforced lever did not result in pellet delivery. After the 20-second timeout period, the reinforced lever was then once again primed until pressed. A light remained on continuously above the reinforced lever, though there was no cue indicating the state of the lever (primed or on timeout) to prevent the possibility of incentive salience forming toward the cue itself. For this task, head entries into the pellet receptacle were recorded. The session ended once 100 pellets were obtained or 90 minutes lapsed, whichever occurred first.
Data analysis
Data from the behavioral sessions was collected using Med PC IV software. Sucrose pellet consumption during pre-test was analyzed using a one-way analysis of variance (ANOVA). Student's t-test was used to compare head entries during the CE task and pellets earned on both the IR and CE tasks. Generalized estimating equation (GEE) analysis was used to analyze performance over time in groups with significantly different total sucrose pellets earned. GEE analysis was used to compare the rates of acquisition between the treatment groups.
Student's t-test and one-way ANOVA were performed using GraphPad Prism version 5.00 for Windows, GraphPad Software, San Diego, CA, USA and the rate of acquisition learning was analyzed with GEE analysis with repeated measures on 5-minute bins of data using SPSS version 18, Chicago, IL, USA.
Results

Stereotaxic injection accuracy
Illustrations of the targeted regions for viral vector infusion are shown in Figure 1(A) and (B) and a representative micrograph of eGFP positive cells in the area of infusion is shown in Figure 1(C) .
Sucrose consumption during pre-test and head entries into the pellet receptacle during the CE task
Sucrose consumption during the pre-test was not affected by increased expression of 5-HT 6 receptors in aDMS or pDMS compared with eGFP-only controls (Figure 2(A) ) F 3,72 ¼ 1.096, p ¼ 0.3563. One advantage of the CE task is that groups of rats earned similar numbers of pellets, allowing us to examine the orientation toward the pellet receptacle during learning. Head entries into the pellet receptacle were not different between groups (Figure 2(B) and (C)), for aDMS p ¼ 0.9522, for pDMS p ¼ 0.7510.
Performance on the IR task
In the IR task, increased expression of 5-HT 6 receptors in pDMS (Figure 3(B) ) decreased the total number of pellets earned; p ¼ 0.0242. This was not the case in the aDMS p ¼ 0.9767 (Figure 3(A) ). Since there was an overall difference between groups after gene transfer into pDMS, we compared the rates of IR task acquisition between 5-HT 6 versus eGFP treatment; animals with increased 5-HT6 receptor expression in pDMS failed to acquire the IR task at the rate of eGFP controls (Wald Chi Square ¼ 6.92, p ¼ 0.009).
Performance on the CE task
Increased expression of 5-HT 6 receptors via viral-mediated gene transfer in neither aDMS nor pDMS affected the number of pellets earned (p ¼ 0.78 and p ¼ 0.53 respectively; Figure 4 (A) and (C)), even though all rats did distinguish the active lever from the inactive lever (see below) (Figure 4(B) and (D)). This indicates that the motor skills necessary to perform lever-pressing tasks are not impaired by increased expression of 5-HT 6 receptors in DMS. Rats in all groups were able to distinguish the active lever from the inactive lever. Two-way ANOVA with viral vector treatment and lever as factors for aDMS: interaction F 
Discussion
In this study we found that increased expression of 5-HT 6 receptors in the pDMS interferes with the acquisition of a discrete action-outcome task. This was apparent in the IR task, in which rats must attend to the availability of lever insertion and in which all lever presses are reinforced, but not when the lever was continuously extended and only some of the responses were reinforced thereby demonstrating that the ability to make discrete action-outcome associations was impaired by increased 5-HT 6 receptor activity.
Increased expression of 5-HT 6 receptors in aDMS or pDMS did not alter sucrose consumption during the pretest compared with controls. In addition, head entries made into the sucrose pellet receptacle during the CE task were not different between groups. Taken together, these data suggest that both orientation to the sucrose pellets and goal-directedness of the task were unaltered by the manipulation; therefore, increased dorsomedial striatal 5-HT 6 receptor signaling did not affect reward learning per se. We did not detect any other general behavioral changes in 5-HT 6 -receptor/ eGFP-treated rats versus eGFP-only controls. 5-HT 6 -expressing rats did not display yawning, stretching or chewing (as has been reported after administration of 5-HT 6 receptor antagonists and 5-HT 6 receptor antisense oligonucleotides; see Bourson et al., 1995; Sleight et al., 1998) . Similarly, there was no difference in the growth curves between treatment groups (data not shown), whereas systemic administration of 5-HT 6 ligands affected weight gain in some previous studies, but not others (Heal et al., 2008) . Given that the IR task requires the coordination of movement to execute the lever press, any impairment of motor Avg pellets earned Avg pellets earned Cumulative pellets earned 10 0 aDMS pDMS IR task IR task IR task eGFP eGFP eGFP 5-HT6 5-HT 6 1 2 3 4 5 6 7 8 9 10 11 12 13 5-HT 6 5 min bins Figure 3 . Increased expression of 5-HT 6 receptors in the posterior dorsomedial striatum (pDMS) impairs the ability to acquire a discrete actionoutcome task using the inserting/retracting (IR) task. (A) Performance on the IR task is not affected by increased expression of 5-HT 6 receptors in the aDMS as compared to enhanced green fluorescent protein (eGFP) controls (n ¼ 8 per group). (B) However, increased expression of 5-HT 6 receptors in the pDMS significantly altered rats' ability to earn sucrose pellets (eGFP n ¼ 16, 5-HT 6 n ¼ 13). (C) The impaired performance of rats with increased expression of 5-HT 6 receptors in the pDMS is seen over the course of the session. *p < 0.05; **p < 0.01. All error bars represent SEM.
output would confound the findings of this study. However, motor impairment seems unlikely, since the CE task, which had an equal or greater motor output requirement, was not affected by increased 5-HT 6 receptor expression. In the CE task, rats could earn sucrose pellets from one lever on a fixed interval 20-second schedule of reinforcement while responses on the other lever were never reinforced. The CE task served as a control to determine rats' motor ability to perform the IR task and their ability to make associations to distinguish between levers. However, because rats did not have to attend to the availability of the lever presentation and because they made numerous lever presses that were not reinforced, they were able to learn the task with mechanisms other than making a strict action-outcome association. Differences found in the performance of rats on these different tasks (cf. Figures 3(B) and 4(C)) demonstrates that each task requires a different set of cognitive skills. During the CE task many lever presses on the reinforced lever do not trigger sucrose pellet delivery (because they occur during the 20-second timeout period) whereas during the IR task each lever press is reinforced and causes the lever to retract, preventing habit-like responding. Given the repetitive lever pressing seen during the CE task, it may be that this task captures the beginnings of what may become habitual responding (Graybiel, 2008) and is thus more likely to be mediated by the sensorimotor dorsolateral striatum (Yin and Knowlton, 2006) . Consolidation of memory, including procedural memory, entails molecular events underlying longer term changes in the brain than occur in between sessions and are facilitated by sleep (Diekelmann et al., 2009) and thus are better captured in a multi-day study design. So even though a previous study from our lab demonstrated that 5-HT 6 receptor signaling interfered with operant learning over several days (Mitchell et al., 2007) , the short sessions and long inter-trial interval used made it unclear whether learning acquisition or memory consolidation was disrupted as a result of increased expression of 5-HT 6 receptors. Increasing 5-HT 6 receptor signaling after the task was already acquired and performed at high levels did not disrupt expression of that behavior, and 5-HT 6 receptor antagonists given to rats with increased expression of 5-HT 6 receptors before but not after the sessions improved task performance. Both of these experiments strongly suggested that acquisition rather than consolidation was affected by 5-HT 6 receptor signaling. The current study clarified this matter by using single session tests of the IR and CE tasks.
In a previous study we examined the effects of increased 5-HT 6 receptor expression in DMS on several learning and memory tasks. While the learning of the IR task was impaired by increased 5-HT 6 receptor expression in DMS in an antagonist-sensitive manner, learning and memory in the Morris Water Maze task, previously learned lever-pressing, and extinction learning was unchanged, as was approach to and motivation to consume sucrose pellets in a familiar environment (Mitchell et al., 2007) .
The dorsal striatum is a large, heterogeneous brain region. There are clear differences, anatomically and behaviorally, between the associative (DMS) and the sensorimotor striatum (dorsolateral striatum) (Voorn et al., 2004; Yin and Knowlton, 2006) . Furthermore, within DMS, posterior regions have been demonstrated to be more critical for the acquisition of goal-directed behaviors (Yin et al., 2005) . Increased 5-HT 6 receptor signaling in posterior but not anterior DMS disrupts acquisition of a discrete operant task. One anatomical difference between the aDMS and pDMS is that the latter receives projections from the basolateral amygdala (Kelley et al., 1982) , a brain region that, when activated, can decrease emotional and motivational processes toward conditioned stimuli (Everitt et al., 2003) . Interestingly, systemically administered 5-HT 6 receptors antagonists reverse deficits in behavioral assays of emotional learning but immediate early gene activation localizes these effects to the amygdala itself (where 5-HT 6 receptors are also found) not the pDMS. Therefore, it is unlikely that the action of lever insertion is somehow startling rats with increased 5-HT 6 receptor expression in the pDMS and that this is interfering with acquisition of the simple operant task. Lesions of other brain regions, such as the dorsal hippocampus, also impair the ability of rats to demonstrate actionoutcome learning (Corbit and Balleine, 2000) , suggesting these brain regions are likely to be involved in these tasks. However, we chose to focus on the striatum, given the abundance of 5-HT 6 receptor expression there, and for comparison with our previous results.
The current study identified the location where 5-HT 6 receptors in striatum can strongly affect action-outcome learning; future studies will need to examine the cellular mechanism of the effect in more detail. However, a limitation of the current study is that we did not address the neurochemical mechanisms behind how increased expression of 5-HT 6 receptors in pDMS may be impairing learning acquisition. A previous study found that 5-HT 6 receptor agonists increase g-amino butyric acid levels in the striatum (Schechter et al., 2008) , providing a clue to the mechanism by which 5-HT 6 signaling interferes with the striatum's role in mediating action-outcome associations. However, in that study the agonists were administered systemically, thus effects could not be ascribed solely to the striatum, let alone to specific subregions therein. It is also possible that 5-HT 6 receptors acting in medium spiny neurons (Ward and Dorsa, 1996) affect action-outcome learning. For example, indirect pathway medium spiny neurons express both 5-HT 6 receptors and dopamine D 2 receptors that are, respectively, positively and negatively coupled to adenylate cyclase providing a potential cellular stage for opposing interactions between serotonin and dopamine signaling within the striatum. While dopamine facilitates reward and reinforcement learning, as supported by a large body of evidence (Dayan and Balleine, 2002; Everitt and Robbins, 2005; Wickens et al., 2007) , serotonin might play an opposing role in striatum as our data and computational modeling suggest (Daw et al., 2002) . Future studies, using neuron-subtype-specific viral vectors will help to clarify this matter. It is also possible that the temporal pattern of 5-HT 6 receptor activation interferes with dopaminergic mechanisms that promote reinforcement learning.
In summary, this study establishes the importance of striatal 5-HT 6 receptor signaling in the posterior DMS in interfering with the acquisition of a discrete action-outcome task. This finding will help in understanding the role of individual serotonin receptor subtypes in the underlying learning mechanisms relevant to neuropsychiatric disorders of the striatum.
